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1.1 WHEOEFE

IANVF—FEE L CORKRBAREMIEEOERIL, (21T 40 FI2B LR ), BREL 2D
BAEEEL LT, BERDIEIERL CVADOR NI 7 EIHINAEETHH. =K
N1 7 $& (TFTR [1], JET [2], JT-60 [3]) T, 79 X~ [ HRE=ER (nrT;) ] ¢
% 10%keV -m~3 -sec BEETHEON, K11 IZFRTIIEEHIE (Q=1) D&M (&
= fEIX JT-60 @ 1.25 : DD EB) b OBEME [3]) M-S LI AETTETVS. %
7z, TFTR ® JET T3/ VA D D-T BEEEBRS ThN, # ~ T MW ORBELE G
( &&EE X JET © 16 MW [2] ) 2SERENTWAH Z &0 b, Bt A2EO A% 2 T
BRIEFOEREIFEEIIEH L BEbN b,

10 S . X 1
SITER-FEAT =~ Q=
(ignition)
0=1

* (break even)

density x confinement time [10°m™ s]

0.1 1 10 100
ion temperature [keV]

1.1: Progress of tokamak in n7 vs T space. Break even condition (Q = 1) has already
been achieved.

ZO—FTHRRERBIIESRT LI ERENRKIULT 2EEH 0, BRED N A< o)
RNz RN—RICHCHEKEM% BHEL 72 ITER (International Thermonuclear Experimental
Reactor project) DERR I A M DER Y IHFRHADOA -5 — L 2o T % [4]. ITER §
BSOS 4 8 CRE, v¥ 7, EU, BHEX) ) HREDOREELR, £HBO B BURIT A
HER T AN TRSLTICHE/NEN72 ITER-FEAT (Q = 10) NEHEMEE STV S
[5].
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BRIE RO e BEECBEP L RAEEI1, RVEEIILIDIIpE(B=T7X
BT | BRE) OUEBETHL. TeLbRBEDT 7 AT % & Y/ SR BRIE,
OB T AVER (T 1 VERds, EiRER) ICL o THE AL LENDH L. FIziL,
BEDON A7 TIEIZO BENE % BELLR S, I, BAERO-OIZIZ, L AD
%ﬂfv‘éfﬂ)—fj}l DLIEEDICRKREGUERADPVETHHIEERERLTBY, EEDIIE

WKEULT AERE R o TW0A. 22T, L DHENLBARFAC A HFRUZE T S5
75‘1]‘??9%“(\/\%%?‘, FTHEE éﬂfhléﬂ)?ﬁ‘iﬂﬁl\ Z A (Spherical Torus) T& 5.

1.2 B/REXKKL -5 X045EH

HIKF —F R =5 A7 7 A= DL EZ NS L, @ LTERIRIZL 72
RALTHB. §4bb, TANRY P A (RPE [ /PNFE) DS 1LIZEN —F ARMETH
5. 1212 A=3 D@EE (KTARI M) b= ABI A=1203 %7} —
5 ADTREZBERIZRT. PARIPZIEIF—F V" DEEZLTVEDIZHL, CT
) Y ITOREERNTL ) BTRE L T L OREHNTH 5.

OﬂA 12

1.2: Schematic views of (a) conventional aspect ratio torus (A = 3) and (b) compact
torus (A = 1.2). ¢ = 3 magnetic field lines are also shown.

K13 1287 P b =7 AOMERERL, UTFHEIZE 4 ORF#SB L UHZER
NEHBT 5.

1.2.1 X7zH0vy 7, FRPEBE > F (Reversed Field Pinch, RFP)

A7z Z1EK 13 WRLBRICHRI A VIS E B P B A Y VR 2  (Bye, = 0)
TS ATHERFENIBHICL o TREROBL ADHEREZEVHRTRMETH A, —F
RFP i3 A 70wy AT AEER2 RN ABRIC L AR OAFVERB L+ O
AV NVEREEOD, SHIHET AN (Y 2V) 2 ENIBEROEVHT MO A ¥V
RABTAH CONFFNOATNVERN TS ATEREBEONIT N O A5 VERESH
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1.3: Schematic views of compact toroids.
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MTH 5720, NBEROEFSDHNT T A< EAEE AR EL 2 5 F0EICB
WT B A Y NVERDOAE DV HEET HEELFED (FOTIE Biun > —Bi e, MWESTIE
Biin < —Bies).

A7xz0%v 7, RFP I [BEEA) VT 1 ——ED T THAT A NVE —B/NRENE &
351 &\ Taylor O [6] [CHEo 72 BMEFEZ RIEME L THSRTWE, &
WILEMIERICEERZE® B7-L, 2o TIZ 2 OME 2 BENICH L - EEAERE
BEINTWw/ L2ALIOEHESR FAT%) 37 IXHFLHOBEREMIEEHL T
LEN720, ALADEAUZ O LT EMEHIN TV L. ZNETOFE L AD L
& M A= 212 RIE R A MST, REX (3512 RFP &) 1[2BW T/ 2R T A ¥V EFER
gy (PPCD) £ {TONY AT ERELHZ -0 [7], 7 I XA<HIHFRIN L O (5
WE—=R ARG NVPSBE—IZR By TN T 4 —IREOEH[S, 9] THL ADH Y
BN EDVHERINT:. BED RFP #8TIE OH 2/ VD b1 4 ¥ )VEFKERKEID &
TN THEY, FOAMTNVHERBE &2 VERER (54 TE) BEL B, PO AT VRO
TANVIZNVAIROBREIMAFROA T NVERERESELI LT MO AT IVEEERSE
EIE BMERONT Y AR RELY £ FE2HFHIL 72

RFP OT7 ARY M EEKTER A Z L CTT 7 A MHED b EERESAOFHE
PR L 77 A OLENE, HLADITHESINLE W) WMEEEDL H DIEEH SN Tn 3,

A7z03y ZIZRENICEFLEERTIERFAETH VIFOBELICERN TS
5. L2L,0H IANVIZEA MO AT VEROAMERFL 725A121E RFP & FIZY A
FENEL TCHALADVEMNMLTCLE ). BNERUNDY T2 BIOE#T S, H 5
W DR IR AR RS T I E TN AR I MARERM BRIRb <2 iz AZET
L ADZE ESEALIEDTETH 5. ’

REP IITCA KT ARG M IDT FAIER, i 7 AT M ER/NSLT5 (avsy
M RFP) Z & THESEIfT RO R &R L mO, BAFL (BiR) BROFEE LB, T2
ETCREEE—NDAV T T 2T E—~NY) VT 1 —REZEHTLTREENH L 2
ELFERTAFEICEIAHLADENEZA 70Ty 7 EBLUTW A0, KBTI
ZA7xza<wyz2baryNs s RFP 2R/A—0O 7 V=7 L TH.

1.2.2 WERSTBCHL (Field Reversed Configuration, FRC)

TIGATHEHNEINOATIVEREFNICELoTEL BRI AT NVEFOATEHL A
DBEAT, PO AT VREFIZIE L AL ELEET (Bre = Byin ~ 0), #0725 B 21T
31 EIEFICE. BRERIBIZ L AR I A PEFIEEICAR L, BT RANVFE -
FbOEBELANVE —FHEATTREE 2 5 D-3He HRIATIIER - MERICBIT AV
yobhu IESELEOENEZEZ 5L FRCARDLBELTWELEEZ SNRTWA. fEkIZ
ERICERBENLETT FATHIIAANR T O—T 2 AT S LB ARATREZE 727
%, B O BER EEGLOETENRTW2S, A 7207y 7 DRBREEEKZE AW
FoEERGEE [10] & OH I 4 VI2 & 2 B BREIERR [11] 297% Sh /- Y, MERRIC L 5Bl
Sh BT, MEREERR [12] 2 E0NThI, EAR, REEERS L 2o TE T3, &



%1% [Fim

HO FRC IZEAMICRWEAERE LT 525, IAROES 28 LHaEHED /A
SVERFIZTHE T AV P E-FISHT2EEENHET A EAHAHEET IV E HWTE
BHINTBY [13 EFEEHSINTWAS.

FRC &, BRI ETIZNZRETIEEOLEESERER T ST E 2w (FEHMIZF
SN BHFHLD DX 2P ICREMEMSHERSINDE) HEILV. L LERTES
N5 FRC OFMIIELETHLIEELT, FRC OFEE 2R TE 2 ERART HBEL E
BEZ RAOFENN Y L2 5L AV ETHEAD 2 WET 2 LENDH 5. Lo LEITES
722 ODFEZAVCOEBETEEE A 7 o BEORMERHRHLIAELN TS
59, 5B LV —BOEINNLEL SN 5.

1.2.3 IKIKM H#< 7 (Spherical Tokamak, ST)

BIRN A ZIETARZ M (A= b —F ARERFE [ ANER) PPRERE N <7 O
D35 LDL/NEGREE SO AT I TRICT AT M DY 1.5 % FHEA X 9 R EAA
FRTHAB. K13 WRLAFRICT /87 » RFP AR O A VR ERE S 0 A
FVEEFETTEH, S DAY NVEFDVIEFEIIRE (B > Bium) £V HTE
%5,

ST M7 DB ADMEREEZHFL2OI VN7 MR OBMELREMTH VE B
TTEVWEMAANE (MAD) ZEMH% b2 EFEBRIICREN TN S [14]. #lxi3
12 IR L2 RERE ¢ = 3 DEABOBES (BIHHPR1 4 ¥V AR 1 BT 5 HIC
P AFIVEENC 3 FETA) A EOHEER 2 ROFEFASMIT T A ¥V FERKEE
LLBWVOIZKL “BWlE TH2RMT 2 AR EEET 22 LR EDRERCE
LT3, EBRIZBWTS START (4 7 2WFFERT, HE) ICBVTHED P A< 7 D1
(12% ) 2l 552 EMAS B~ 40% ATRegkEh ST DN — ¥ WA EFE S 7z [15]

INETO ST £BIE START T7 I X< & 300 kA & b <2 %#E (JET DTS5
X7 EBHE 5 MA ) ICHA/NRBETH o Z20SHREN D AT TV RT 75 A% Ho TREH &
N7z NSTX (7 ¥ A 7 A< YEIFAT, KE) [16]), MAST (7 7 ABF5EET, 3EE)
[17] OEEDFIRL TB ) BEREESFFEIN L.

COEHIWEN BN S S HFEO—FT, TEMIC N I 7RI 2 WRED F
HETH ZO—20 L THBIVTHEFEFOEFL L TWVAHLHHEELD X ~—2
DBRL2 IRL2BRITAES KB ETONL. COOBERIGZRI LT
D-T FIGTIE 7% { £ RkL < 2 203 HEFRFOER SN S D-D X% BIETRE
PBewnwIEZLHH[18]. 72, BED N 7~ 7 TR LNHEIZ B> THRELZ OH 2
ANVOEREAENNESELZLTTIAYERLFTET S (BHHFORE) %, ST Tida 4
VHTTEREASIMRENIZANE K ), TRNERAWTT I XASEROILS BT B XU+ — 2 sk
Z2AT) C EDEEL % VIEFEOBRERE, MEHHALN TS, 21X HHFW (FH
BIE) D B O [19] ° CHI (FH#EA~ Y ¥ 7 1 AH) [20, 21] REVEFEN TS, —H
75 RATERNH HEENLL ENY, ENN ERTIEENAERIZL > THRE &N BT —
FANT Yy TEBRICE o TT I ATBROKBTEAERTHI LN TE B,
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ST WZED KELBEEEL L TEFHETOL M <7 I2ABL ) 2B L ADEEIH 5 =
EREHETAHIL, OH A/ VvEBAWERWT T AR, gk (BitbRE) SN0z, &
LILHmBN CHON TV EEN—FEBOER NV —= Vv FE-F T ELE
1t) mEDVET BN,

1.3 TS5XvA4K
1.3.1 EEESVIxI7S 3 0EE

fE) arsya AR AREBROFNT 7 A< HTHE SN B EFITH,

HAHMERMNEOWRIC L VOB EEDLIHETH S (M 14). I OBATIL ILED HE
e 7 AR MEL RELEXHILDD, TNECTHER, FHEHY 32—V ar
Z & T BRIED AT TR

outflow

D)) {1 X{ N
N AN

o,
L

1.4: Schematic viewg of magnetic reconnection.

BRE7 7 X228V TE, M~ 7 RHHSHY Y F (RFP) I2B1T A JEERIRE) 7
ATTary ORI, BRY IR 7Y a UFHBREEOEREESCHEREE 2 RET S
ZEVRHLENTW A [22, 23]. 7 RFP RA 70wy 7 DFEFN % HEET 5 Taylor
B (747 %) BRIWK) I A 7 v aryzH oL Tw5 6.

T I RXATERIANTIRIC L o TR E b2 2 207 5 A0 RE D b R4
RV IR a il o TOEODERNERRT2HETH L. BELL DHIHED
REBIIIYW S T XA ERELMEOBERVTRN, VIR arz2hifLdLT5.
Z On & BIROIEEEES T 7 A BROULHFFH L AERELR SIXAESET T4
TS XAEEDPHEBL TL £9137720, ERICEIHETHEER (IS, 46%T
BLTOKRELRTFAIHEEL TV A,

COXILBEREERK ) ARV a VBB T ARLEELREEETVTH D
Sweet-Parker E7 )V [24] TiZ, [ 1.5 DR RS L, 18 26 DILEGEBAZ 2 5 &, Maxwell
FHEN, EHRORN, EEFRERXP LR a4 7Y a v OB rep IZEIIC X BILEL
WER mp = poL?/n, TV 7 XY KM 74 = L\/Bop/B & T

TSP = \/TATR = % (1.1)
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ERENABZEREDNLEBICHPETAIZENTESL, 22T SIBESRV A VI
EIFINBET 1r/m4 EERIN, BE 1 LDDIFFEICKREREE L 5.

1.5: An illustration of the Sweet-Parker model.

1.3.2 75X E4@fkEHAVWAEROAZIVEREEEDOHE

Y=y bbb —F AT TR LERNRIC N =T AT T AR EHRIED L,
BEVOHABORT AT VES (b —F ZA/WEHFR) 202 EEbL ), BERHICE—D
MRz O —F ARMAEREIN D, COBRBMEREL2Z2 5L K16 DRIZFO A
FVHEEIITEDORENFICZ ) VA VEREIHEIBO 2 ZERL -TEOH &
BB ENVIHD.

EERTEN—FADMNOA T VHEROMEVFE—TH 5 EABESKEZHNAZ LT
AT IVEEERERDEMEN, RO AT VERETHREITAHI LT 5B,

TIAREEEFEET LRI A Y IVERRE AL L Tid, KE RFP £EIZBWTIE
FLHEEINT NS 7SV ARD A8 )VERERE (PPCD) [7] % 5. PPCD L 77 X< &
B2 L BRT A5 IVERBEDE VL, PPCD MR AV (Y= ) ER (O 4%
VHER ) 2SR I LWL B BHFELHNTWEDIIXL, 77 A EETIIARE
THTIATERRICMNOAY VR T I AIHIEAL TWAETHS (K1.7).

BEEDOA YTV T 2EZ D EAGT T XA EREEOEENH 57D I Z BEDBHRE
ENZBWTIE PPCD OFBENMEEZA. L2L, EREBEICBWTEEKEORD
A ¥ VERREHVETH Y, PPCD I2BW TR A VI L BHESME SN 57-0
AR HEIIREN D REICTNTIT-oCLE ). —F CABRTCREREZER T ES
SAIH MNP S LEREZT PO AV VEEREEZZEATE 5720, 79 Vo 720
W7z,

FD70, BERENKE L 2 VRERHNEL 2 2L 75 A< 4O KEIE, SR
5. Tz, BRIZX VRO A FIVHFEOBIRICER 2 MR 5N 7 A EAE[20] &1
BYbe, AT AEATEBIBRICL o TT I AT BESFBDS O 5, BESIS
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1.6: Flux conservation in axisymmetric merging.

DEBEAA Y DRAPRTETH LD L T 7 AIERET 7 ATERL (B&) %
ETIRAIHLRETHILNTELLDENTH 5.
RLLIZHESTROKHEE L 05, RERBDEL OBREEITEET, »oE7 I X
IAND (RO AT NVERBEE DS D% ) BEVIRVONVT I ATEEKTH 5.

1.3.3 TSXTEFEEHEVWETSIIMBEOTAFT

AFTEN—FADBRIINF =D =7 v VT ITAIEASND L L LICHRY
TR a IlL o TERbN AR ANVTE =D A F Y DRI A VF — 1 ZEH SN 5 [25)
ZET, =Ty T IRATEIFEIKRELRRIANT %2155 (K 1.8).

FEDOBSTES & BIETIDMIZIZ

B? 3

— = T .
20 9" (12)

BEDID. T THEBRSNIBEAME B=1T, 779 AYHEEn=10"m3 35, 15
SNAEE T3 10keV 2Bz HFTEICL 5. AHFFETHEAL 7 TS-3 HETIZ B ~ 0.05T
BETHINT ~60eV L7225,

T FATEEIT NV INCEHOF - TETTAERCERTH 2 L1 HIEEIC
BEWINE ST — 2SI T R REOWE T 5 A< b R TEHR T S AL BTEE
BIENTEDL, ELICTIAIEERTREBRENRE S 2 2EFVINE ST —5185
NBHEN)TEEMEND 5.
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1.7: Comparison between PPCD and plasma merging.
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% 1.1: Comparisons among various poloidal current methods.

plasma merging PPCD helicity injection
equipment complex : .
. simple simple
structure (plasma formation)
ower mediate
P . inductive direct
transmission (source plasma)

repetition intermittent restricted ~ DC
influence magnetic store of contamination
on plasma reconnection external flux (metal ion)

BRICE > THEONBBIANT —II W ~ [PB?/2uy THDH. ZZTLIETSATDH
BRTH 5. M Sweet-Parker EF V2 VB & 7= L/u= LL'[20va = T4L'/26
Lied I 20 WENENER) AR 7Y ayOUHEBORESBIPELEL TWA.
T TN EERE 74 = Ly/fonm; /B ThAI b, MET —id

W LI’B?

P=—~

T 20T (1.3)

ERELOLNA. fHlziX B=1T, L=1m,n = 10®m™=3, m; = 1.67 x 10™%kg & § 5 &
T = 1074 DIRFEDITTTHME/ ST —1E 10 GW 2 BIEREFHEED T S A< Tli &
BINEEE L CIHRBEICROTH DL w2 b, RKFFETHEAL - TS-3 &L L~ 02m 8
BETHAENP>5MW & FEIN5S.

FEL CHCON TV B IEFEE L THERD B2 DI PR FE — A A5 (Neu-
tral Beam Injection : NBI) T& 5. fl2 X HAREFIBZEATD JT-60 FHEIZ BV Tid 40
MW DIE NBI 3 LU 12 MW D& NBI 25HE L T3 [26). NBI DFEHEIZT 5 X<
BEIANVE—DRERNFE—2% AL, 79 A0 F R BF LEFEL, HELHE
REEHIZE oTAF Y E =L, ), ZOEREAF VNS IATFDAF Y, BF &7 —
OVBEPBEVRLODOT IATEMBAL, EOLDLANVE—%L£)Z L12H 5. NBILIL
AHY — L5 FAREEAR D R D Z LD O BRIEFE LT I A< 0 EERIEIZIEEICE
MTHbH. T5X<EMEE A7 NEIE NBI ICHERBEAZRINVE—- W =P xt Tk
ZHELODLNEEMTNEREITZS (B/37—) THAZ &, $72 NBl RBEIEMET
WEE—OMBIETIIREFN R MAL PTARVOIIHL T I XADEVERZ Mk 2
ZENTEBLI LD, BB AR O SEMEEL L TERTHS. $7- NBI
TRTERBILL A4 UL o THL ADBFICHE SN2 WHEA, ST AV —F
FHEBEEFERLEELTLEY. BN EEECRIEFNNI KL RS, 20 L)
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Initial CTs (low-P)

<
C Fast Ton flow

magnetic

Field lines
(poloidal field in CT merging)

1.8: Schematic diagram of high-power heating by use of plasma merging.

RBREPL DT I AT EERIBRTH S, T, BRF T AV-EEE (RF) ki, B
AT 2 MBI SRE BRI TH 5.

PLEZZERT S L, SEMBARIZENETNEEDH ) HRIISLE TEVWHT A 0E
7% 5B, NBL % RF IZ L 2 BIREREI D ITHON TV 2ERIRE X VRMETH 20 HHIC F
LB EERL2 DRI DB, TIXTHERIIFOERE, ENT—OWEI O HREET S X
<DL EITICERTH 5.

1.4 AHREOBEBY

PRI AR2E D% a7 b =5 ADOWRHEEL A F X, R TIIEFN R ER
EXEp, ke LT I XY HEEREZREL, BERERI V7 My —F A% FEH
THIELEHNET A, BAEMICIZRD A5V ERFENC L 2HBEREH (¥ 1 E) ¥,
)47’7 7y b ROFRSI R INE, AU - ERAAIZL HERN—YE, V-2 -

3t A BT HEL ST DERE VLT 5 ATEERII Lo TEHL I AIREVTTREME
$ﬁ£?é(le. ‘
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% 1.2: Comparisons among various heating methods.

plasma merging NBI RF
power > GW? ~ 40 MW ~ 20 MW
short
) (T4 order ~, ”
duration controlled by long (> s) long (> s)

external force)

L initial heating
application . )
repetetive heating

main heating | local heating

fueling

OK OK none

P
Comparative Study

axial merging
of spherical tori

of Spherical Tori

Verification of

current profile control

oloidal current drive high-power heating .

- Merging Effect
/ J
Influence on Whole
high-f equilibrium . .
Configuration
Z 7Ty

second stable ST Application

Prospect for
- Large Scale Device

1.9: Outline of this research.

12



1~

71
‘:‘

52 TS-3 77X VENREEREKEE

NIz

2.1 HEEE

AEBIZBWTHERL 7 TS-3 2E (M2.1)I1Z£2E 096 m, EF0Bm DAFYL A
BOEEERFICAE 8 I 08T 16 HOWMBEEHRE Al 1 DT 2oDKRT A ¥ VEEHRa
ANV PFIANV)2db, 2 HEOEYFHRICED 2007 7 AR MILIZERTHZ
ENTRETDH 5.

Equilibrium
Field Coils O
|

Poloidal Field Coils

. Discharge
. L _ Electrodes

I—-F 2-D Magnetic
Probe Array

| Ohmic

| Heating Coils

| Vacuum

L Vessel
::égézja J LT 1 L External Toroidal
‘ lectrostagic Field Coils

Probe afPolychromator

I
L [l L (] || ] Z
3 ,“}"
O scapg ot

0

2.1: TS-3 plasma merging device.

2.1.1 B8R
DTS BER OB E R
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8 28 TS-37 7 AVAKREREE

HKOA FIVERRRERDT A (PF I4 ) RO AT VEERI AMET T X ERFHC
THRBOL I T IARFIZEBREZFETALDICHNON S, FHHEE 0.255 m,
45— DIAANT 0.3 mm DERAAT YL ATELN TS, EZEALROMAIC
12OFTOMA 26N TBYBHERL THERTA.

WMEEE 75 AVERBIC N O AT VEEOEAZITIZOICHNE. 2 007 5 X<
PHERTALEDIZ1 DOOTTATIIDOE 8 WO 16 HPFEZERHFREINLTW
5. FOFNEFNICOWVWTHIIIHELX T L WETH D, TNHITEEE 2
LaAVFEHN N T AR AL TERIN TS, THIZE ) EIRE ERE
DRy Fr T2l VRKELREBEERZFIEHTILNTE, £ 8 HOMEBEBOXS
DEXHRBFEEORIL TS, '

Z##E L ( Ohmic Heating I 1)L ) HEAEBORLGHM LICEESH, 77X
YHOBREERBORBTHEEHTAYL /AR IV THE. 2 FHlEIIR>T
BYPE, SMEIE DIC 11 5 =2 D3 VA 3 K—H4 MF] (T A Vi 12 K) TH
PRTVRD. FERICIVEE 27— 25 88 ¥ -V ETOEREHEEIRT 22 L
NTED. R EDT® 03 mm HHAXT VLV ATHELTDH 5.

HE S O ZIVEREMa 1)V EZFHORLOHEz BEZ, Sz EZRL TRE5 16
" F—=rDAANTHA. ST, 237 b RFP ERERCHER N 1 4 VR % E
TAHIZDIZHWA.

FERRFEED 1)V ( Equilibrium Field 3/ ) 75 ATDEDIITAFIVEFRIC
L2 7 =7 HEWZ HDIHEH LN 2R 2 RAET 5. SME 1.033m, AE
0.83m, BE 117 ¥ — > DABRIANVT, 75 AT DER SN BEFIITIT—H
LR EERT 5.

2.1.2 EiFEERK
BELTCaAVYF Uy YNV 7 EE— P22V =72 UTO L) RIRYV ST THW .

EEILVTF YN BE IS8T uF, EREELE AOKV OV TN 7 T3 BH 5.
FNIHIHL 12% PRIAVIZ, BYD 20% 2MOMEBRICHVA. a7
DEFEDOEEY ST VIO —NAL v FE2DoTEY, BFEOELIIBNT
PO —NEPTREEBEY I PO — VT BT ENTE S,

FEICF YN FE 250 u F, EREE 20kV O3 Y F YN 7 TEIZ OH 2
ANIZERTT 5.

BEEIALF YNy FRBOpF, EREE 0KV IV TUHFNY 7T 3 EHS (
HREEEOREIT 1 BEOA ). R/ O ¥ IVEF I M VIZHERT 5.
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%28 TS-3 75 Ao RERER

E—42Y =2 33KV OXHTEMET HFHERIC L DERK 1.2 MW, 800 V OE
MAEBRTHE T4, FEHBEAIT A NVICERT A.

FHRERR 3kV,3 A DEREERELZ AVT, REEBH T/ U —KEL I L ERRES
RESE L.

2.1.3 MEHIE
B OV FHARICEIBATIATEROBREERT L,
1. BF I A VIZ &) —FREEF 2Nl , FRESE% FkhT 5.
2. PF I A VIZERZ T

3.PFaANEaYy TNy 220 LCHIRICED PF aANVERSZL TG
DI BBIRELZIT). BBREBRSRAE AT ETI7a—NenTs. &
BB LD T T AT EREIN I T4 T IVRIENSIEA SN B,

4PF:®MV®£%T%”HZIU75Xﬁﬁ3 PO AT IVERPFESINS.

5 PF I ANVERN 0 2 YA L (RETAHEL ) TITAREPE 2/ Vb E 0 EES
NHEL-AEZEHRTS. REL7 PF I A VERESSIZIEGSL VWL I 22
O—N%ENT5.

6. 75 XBIRD 7 T IHIEBRER L 00 B > TEEIET 5.

EBIZEEL ALER (TF I A V) ICEBOER Iy, 2T L TRERE ¢ DEW ST
MHRA7xzuvy 7 fKqDary%2 ~ RFP $CIREWT I ATENMEZERTEEI &
PRELZFYTHS. 2T oEEEN—FATIXTHORIHEIE ( FRC ORELR—E
DENZERE) ANHATIZREN 26 KAZ BEET 525, ZOBEOY v FOZ L TH
D ZEREE SHIN MHD ZEMDOEEL 25, BERIREL BITIE ¢ fHId Ly 12K
BT 5. BEAIERTR, PF I A VIZHNW 5 EER ( 77 A~EBiR L SEmE 0T ) 134
BN/ I X<ELEENDPOILOTAHE L THEHE, AKZIRETAERELELLT
W5,

(2.2 IZHEBM 2 MEBEEL Y. DBERGR i BW TR EOE%E 2 BRI ERIGE
EY A T TATEMRIT 45-55 posec FETITON S, £2.1 12 TS-3 HEIZBIT B EER
TIRARINTG XA—F % RT.

2.2 EHEIEE
KT F IS 2 R 7T 0 —7, 4#/@%&@%\%dw BTFRE. BE

FHAlZBE SO -T2 L o TiTo /. T, 79 XAAER, HIHAI A VERIZDT Y X
FaAMZIEL>TEHHIL TV A,
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Merging
current [kA] \
80 H ! LA PSP Y
[ /\K\M\ PF coil current
0L :
*f : © Electrode discharge -
i : : current
0 p—— .
"@m 80 ' - v .
¢ [ : ‘hlgh-q TF coil current ]
0 i E 10"x'r pal
% ' Plasma current 1
0 ~—7 — : :
0 20 40 60 80 100

time [usec]

2.2: Typical waveforms of plasma discharge in TS-3.

%< 2.1: Major plasma parameters in TS-3 experiments.

major radius R ~ 0.2 [m]
minor radius a ~ 0.14 [m]
electron temperature 7, 5-20 [eV]
ion temperature T; 5-10 [eV] (without merging)
electron density 7, ~ 1020[m~3]
lifetime ~ 50[usec] (without current drive)
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# 28 TS-37 5 AvAKREERER

2.2.1 ®SEHA

AR T EIZAC-HESETHCRIE r2 FHE IN—TFT 5 RTTHAT I —T5TH 5.
2.3 AT T —7 DEBEZ R,
BE7TO—7 D34 VERICHODNEIEEV II7T 0 -7 HEERETAIRED BL
A NVER N DS
V:N%? (2.1)
THZONA, 2L BEOFFIZEKL 72, TUu—7HWIZBITAHEICEELR FAORE

BEBVP—HKTHH%2HITE=5SBTHY

1
B= e / Vit (2.2)

Lo TROLN B, ORIV F U, BB LA T v T h Hw
z R %2 B, 7u—7 62 &, ra A ¥V ERRERAEENITA B, 7u0—7
44 HARZREL . BREE (0/00 =0) BRI TIUE, B, BSR4 F VR U

z =0 (midplane)
I

radius [m] 0.05
. !
r=028 m__e__m__o___o__
I Bz probe
! Bt probe

r=023 08 -00 -00 000 00- -80- 80
|

r=019 0® -00 -08-000808 008000008 00- 00
I N

r=0.15 0@ -0® -08-000808 0000000 -0 00— 0O

i

r=011 O® -0® O8-080Ce0s- 6:—0.009.—00— 00- 08

r =0.065, G—--(—)——Q-——Q——él)- s

2.3: Positions of the r-z magnetic probe arrays.

U(r, z) = /r B, (r, z)27rdr (2.3)
BIUEF MR | 9v
REET A LN TE A,

EBIHRD ZRTOHD S ENFERA RO EI S E RO B ENTE L. FHFE
X
Vp=3j x B (2.5)
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5 28 TS-37 7 AVAREREE

TEREINSL. BIREE j X Ampere DERINS

g = VxB (2.6)
: 1 (0B, OB,
ji = — —
o \ Or 0z
e = G ar r 00 ] per Or
TEHE SN D, ENAROEA KRS 2 EEHTE
0 . .
5%? - ]th - szt (27)
R OTENDERD .
p(?", Z) = /r ‘ (thz - szt)d'f' (2.8)

RETTHIEICEIDREDL. ST Trp 377X (p=0) OfEZRT. TS-3 %
BICBWCTZOFETREL 2EHAHINRE, BEFND L RO EHIMIZEL —5
THI LD oT D [27).

BER7Ta -7 o BoNESERHESET, 7 ZEWEITH Z L CHISIEENET
WEIT). BT 0 =70 B=dB/dt E5% »HRMIE T BT 7— ) ZEHELTE
SBNBANRY bV 6B, i, EREFDS DD 7 —1) LAY MV §B, lZ5L

2mn
T
DREN B BT L0, HROEMBS AB 1

AB = /}n: 6B2 = J; (%5&)2 (2.10)

LEME SN D, EENREHTHINEL n> 1 OHEBTHNETIULBWD, EBIZIZS S X
Y DESIIU & B WEER ~ Bt psec DR 7 — VT OHFEEDEILOFEL I
DER 72O KGRI TIE 1.25 MHz LLED D TERE T 5. AB % B THE{LL /- AB/B
AR L FUBAOBRBORESERTIEELTA.

T/, K24 W ZRTHRRICT T XA DIEMRHREL T 57007 I X< ) 2 R
R (r=1029m) 12 32 ZO PO AFNVE-FEHIE B, A7 u—75%%BL/. A
BRI 32 HOEFE 27— LML, FE-FOREE n=0 RFL BT LI L TH
O A VEEROIENIHEERIET S ENTE 5.

8B, = j=—=6B, | (2.9)

2.2.2 A F* 2 BEEHA

FIRTDLE S R BEROETFFBERL TV BE, 75 Xvh b BB SN D AT b L
P T(\) 1E R OWEDE DIz 44 VREICEL A Y (K97 T —EAY ) &b bA
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32 toroidal mode probe array
(Bz component)

center conductor

2.4: Positions of the 32 points toroidal mode magnetic probes.

ARG BT,
I, A=)\
— - '1
I(\) Uy eXP{ ( Y ) } (2.11)
Ap = —)\CO 26Tymy; (2.12)

22720, do, Ty, my W ENENALWE, 14 VIEE ([K]), A+ BEERRLTVS. F
@ﬁ@é%@ﬁA;t%ﬁyﬁﬁmﬁmﬁ |

2
Ti[eV] = 1.7 x 10® x A x (%) (2.13)
kw5%%ﬁﬁbﬁo.::ﬁA@%%yGEEﬁT%é.:@EWUA%%ﬁMTé:
LN AFVEERZRET S, RIFFETIE Hy =486.1nm A7 MVEFELY. 75
R b i &N HE FUHFRTE (2 =0 T ) FICH 2805 % 58 ) BB kD7
OOML Y X, EHDIdDML » Xk BB L CHARBREBEN A AT ATy T7 4
70% CCD BMHEIASL (H25). AVFUy Y77 ATRS— U hb%ESNS
IR Y vy &=L VEBORRIOT 7 X <% ZRITEH (EEHIE, ZZRHm ) 12
BMOALZ ERNTEL. RFRTIIEREOMIL 4 psec IZFEL 7. BMHBICA-E
FEIY I —-FIZEoTA/DEBRENNRVIAY A —H Ay N4 ALTT—2 25—
avDON—F T4 AZIIHEMEN D, ELNEBIIEREFASHY <V h— N EE
WCH T AGHICRANZFELT 5. < — MEGSERER/NZFED—DT, REHE
POENTATEREBTEN 2 RELEZTY, RERICENICONBERTELD
Bz — b VERNRREET ), MEORRERRIANLT VT Y XLATH S,
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ICCD camera

polychrometer

=
gate pulser Iﬂntmm

GP-IB
o re ]
ethermnet
[ ws ]

2.5: Schematic view of ion temperature measurement.

TS-3 toroidal cross section

2.2.3 EFERE  BESH

HETO—TIZZFOBEICRRIELDEIDODT I AP TCOMNBE2ES T E5 2
EINT E MBI EN LI TFERTH A, BT —THEOBMNETF A< L0
BSNETO—T 4077 0—T137 5 AT 2 EEAN LB W E WS R ERH
5. KETIIE-—RETEFRE FEORHMEEYHLIZLOTELAT YL ZHH
FEN )TNV T O=THFRe BT, BFIRE - HEOFLFRFE RS HSH % EH
L7, '

MUTVT O =T HEOREE BEISENS. 2.6 DBICTEL 3 ROTT—7 Py,
27 7 AFIIEAL, P-Py, Pi-P3 BIZENEN Vg, Vs DINAT ABEZ FIINT 5.
Vins >0 &5 5 E, P IITETERD, P I3 A4 Y EBRAHEN S, 70 —7 RIZHH
BEBRTADOTTU—T B L3 DEICIE

L+, +1I3=0 (214)

DREREMEK D LD, BEZET I AT, BFOIINE —5HDS Maxwell 5% 72 LTH
D, 3RKDTO—=TRBPNIMBDEBEENRLT TAT/INT A—IBELwETHTS
O—7 BRIIROBEIIEENS.

Ii = —jeOSie“ﬁ" +]mSz (2.15)

CIT oo IRZEMBMLICBI ZREBETEREE, ju 387 0-T BT 44V E
MEEE, ¢ 13870 —T OBMELEN & ThHH. —HkiZ, 70— T BUOELICHLE

i
TR —jeoSie™ 1ERE SELT B, A4 BRIZZNIFERESSEL BV, 22T
i~ gio £ L, R (214,215) 5 I #HEL T

((+§) e+l 1-e W

_lze’ (2.16)
L+(1+9)  1-
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B 2E TS-37 9 Ao ERER

BELNE. LLEL V=V, -V, OBFRz A Vo WBEMOERZDT, 70 —7 125
N2 EBRDBEFE L, s ZHETER (2.16 ) 2O BEBTIRE T, KT 5. TR,
Ly RKEoZT, ZEAVWAZLIZL) B, OAF V&R L BRRL VKT 5.

e(Vaz—=Vyo)
Safy — Le™ i
S3

Iip = jinSa = Tt (2.17)
—e :Te
Ihe A4+ VEMERDR
1 kT,
Iig = exXp <—§) EMNg E—'SQ (218)

EPOBFEEERDLILENTE S,

plasma _______

Insulator
L, |5 ||
—

Vd2 Vd3

2.6: Schematic view of triple-probe measurement.
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E3E HB—HRIRIKN —F XDEE

NI

3.1 AEBEEOEHH

KETHEZEOMNE N OATVERTC 20 ¥V FHEICI VAT z0~y 7, ST, 2> -
X7 b RFP AL, #HEHETAZ LTI — 7 A0 EH—ICEBRL B4
FL7T 7 ARICERSINEBEN, BHLADZ EHTE-0O0BEZHLMZT S, UL
%, KL TIREHIES 2 VIR Y 32,82 b RFP % RFP, #6350 RFP 2 K7 A2 b
H RFP LR Z &L CTXBIT 5.

3.2 EBRRAT

TS-3 FHLBEOHE AN 2 AT AT IATERHED ) H 1 2RFTHWT =5 A 75X
REERTAH. £DOE TS-3 F.UMHEHDOERNTNIADBTT I X IHER SN2,
FHHROTIRIE o THLURHFE LSBT AT LIlhD. ZOB I, ¥ 2 WE
Lo TERENE T TIATORT AT NVEREFAFAB L HEFAIIKEE2EL DD
g 5. AKX T RAROHRE Iy, 1 EE T 5. $hbb, Iy, > 0 Tid ST BALDT,
Iije < 0 Tk RFP BAIASTEREN B Z LIk 5.

T, TIRAROINA AT NVERBIORT A Y IVERE T 57200 OH BikEE)
LRI o THET 5. :

3.1 IZEBROBER%E RT.

PF coils equilibrium
TF coils /A\ / field
\L .
discharge discharge
electrodes |1~ . ~——electrodes
/ 3= (not used)

plasma  OH coil

3.1: Schematic view of single plasma experiment in TS-3.

22



8 3E H—EIKIKb — 7 ADOHE E

3.3 =EEIER

3.3.1 #®5@E, b O1ZIERSHRERET{EICE T 2BE s

[X3.2-3.4 12 7TkV IZFEL 72 50kJ 2 T U ¥\ 712 &k 5 OH Eiikkgh# 7o 72 RFP
(Ije = —3.4kA), 27z v ¥ (Iy, =0), ST (Iy. = 47.6kA) ORT 1 ¥ IVEERE B &
UHRz & CFEIZBIT 5 N0 A YV VEFREFOSAORERZEE 43 psec 225 2
sec BEIIART. K31 ICRLZHRIZ TS-3 EEDHBERD ) LEBMOAERL 72720
7T XARNEERD S AHGNIERT 5.

bOAZIVESFEAHOLE RFP TIEXE#E )AL BOE T b oS ¥V
ROMENRFEEL TVWDLI V505 (K3.2). 72, ST DBEAIZIZFE N T 4 ¥ VR
ETGATDOROA T VERIZLBHRE D U AV VEEROMEME T, SK S b o
AT NVEFIINTEFR L D DE 22 EHEERLCnA, A7 x0<y 7 DBEAEIZITH
O AT NVERPFEEL 2\, WETIET 0, AT ERLRPHL Y TY — 7 %5
T POAYVHEFROE -7 LS EN KL 20D, BE7 AT N LORETH
D (R7 A7 AP D A7 ==y 7 FEFTIEI KT S) BRI —F A& LTk
HxRLTWA,

TIXTERERD 5 DRS¢ = 43usec X BT ABEAMOMEL LT 5 &, X
7x0<vv 7, ST Tld B, 70 —7OFHEENIGEL TWADS, RFP ORI ENE
#ESMNZH 5. T RFP OBBINEERA H O L2 s Iy, LEMETH 2
7o), 2-0 EBIZBWT TS XD PF IAVD LY NEESNABIZFNEITL LD
BB T2 ER b B, ABICA 70y 2L ST L4 REL 54, BERE
BIRE Iy M5 EDITED ST OEEFETE. 2L IN6DEE 1 psec BEDE
ThHYEBDER MEHNIE52 HHBIIEILAL R,

TIXTEBEDLES 07— 2BV ThH, OH BREFENZ X o TRO A ¥ VEIEORK
EefoTWaAIlbEbLLTETORT A VHERENR SN S, THIZEED TS-3
EEIIBWZaryFryAr 2 e OH 2 A NVOBEEENRUEREROKE LTS5 X
VEREEFNIHERTLII T TR0 EL 20 DN, FOWEOEASY
TAHE RFP THEDEL ST THELBRLDNTHAI EDNSD L. ZORENDEVICEL T
&, RO A FVER (NE N O A S VSR OBEL SbeREFRIKRET S

3.3.2 H2MFR¥EHHmDIRELE

RFP, } 7% 2 DIET AR %2 b AL (3732 b REP, ST) IS S h 28582 L, i
Wh O A FVEIRVET 5N DB, ZHIEERT AR b % EODIZ RERFROIE
FOAYNVERSERNRELSEATHEZIGERL TS, baA ¥ VEHRIZE->T ST
RVIZEIHOLZERBE (> 1) WEALR T, BEEMLEIZEFS L T EELLR

23



B IE H—ARIKIRN —T ROMHE HE

3.2: Poloidal flux contours and radial profiles of toroidal magnetic field in a single RFP

(Iye = —3.4]KA]).
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poloidal flux contours

radial profiles of B,
(contour spacing 0.5[mWb])
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3.3: Poloidal flux contours and radial profiles of toroidal magnetic field in a single
spheromak (I, = 0).
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poloidal flux contours
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3.4: Poloidal flux contours and radial profiles of toroidal magnetic field in a single ST
(Ly. = 47.6[KA)).
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3.5: Schematic diagram of relation between ¢ profile and single-helicity mode. (a)
Low aspect ratio case and (b) large aspect ratio case are shown. Stochastic field line is
produced by fluctuations in nearby rational surfaces.
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3.6: Poloidal flux and toroidal field contours and radial profiles of ¢ in single plasmas
(RFP, spheromak and ST).
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(a) poloidal flux decaytime
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3.7: Iy dependencies of (a) poloidal flux decaytime and (b) magnetic fluctuations in
single plasmas.
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3.8: Time evolutions of toroidal mode amplitude in (a) REFP, (b) spheromak and (c)

ST.
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3.9: Beta values as a function of Iy,.
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OH only
dW/dr=V,y,, OH Coil Merging
ol
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OH coil
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center edge
dW/diey current d 0 currgent
=
toop Target Plasma
/
p—— g
2N =
\
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4.1: Schematic idea of balanced plasma sustainment by use of plasma merging and OH
current drive.
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4.2: Schematic view of plasma merging experiment in TS-3.
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[X| 4.4: Poloidal flux contours of single and merging spheromaks (I, = 0).
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poloidal flux contours (contour spacing 0.5[mWb])
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X 4.5: Poloidal flux contours of single and merging STs (I, = 47.6[kA]).
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4.6: Time evolutions of toroidal mode amplitude of B, if (a) RFP, (b) speromak, and
(c) ST only with OH currend drive, and (a’)-(b’) with OH current drive and merging.
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4.7: Time evolutions of (a) poloidal and (b) toroidal flux of single and merging sphero-
maks.
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4.8: Equivalent circuit of plasma under OH current drive.
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4.9: Time evolutions of fluxes calcurated from eq. (4.1), (4.6). Extra resistivity
(t = 57-65 p sec) is added in the case of solid line.
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4.10: Time evolutions of ratios of toroidal flux and poloidal flux of single and merging
spheromaks.
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4.11: Poloidal flux contours calcurated from Grad-Shafranov equation (Lpiasma =
30[kA]). (a) EF coil current only, (b) EF and PF coil current and (c) (b) with ther-
mal pressure.
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poloidal flux contours (contour spacing 0.5[mWb])
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m 50psec | )

z[m]

5.1: Time evolutions of flux surfaces of (a) single and (b) merging spheromaks (I, = 0).
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5.2: Time. evolutions of flux surfaces of
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5.3: Time evolutions of (a) ion temperatures (b) electron temperatures and (c) electron
densities in merging / single spheromak.
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5.4: Time evolutions of thermal energies. (a) Izo = 0 (spheromak), (b) Iz, = 10kA
(low-g ST), (c) Iy. = 35kA (high-¢ ST). Solid and dashed lines indicate merging / single
STs, respectively.
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5.6: Schematic view of adiabatic compression in plasma merging.
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X 6.1: Relation between current and pressure profiles. (a) Broad high pressure region
confined by a hollow current profile, (b) narrow region by a peaked current profile.
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6.2: Pressure balance between thermal and magnetic pressure with high / low param-
agnetism.
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6.3: Time evolutions of thermal energies of merging spheromak and high-g ST.
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6.4: Radial profiles of (a) toroidal current densify, (b) toroidal magnetic field and (c)
thermal prerssure in high-¢g STs. Solid lines indicate a merging ST, dashed lines indicate
a single ST, respectively.
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6.5: Time evolutions of hollow toroidal current profile.
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6.6: Decreasing of paramagnetic toroidal field in merging ST.
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6.7: (a) Poloidal and (b) volume averaged betas as a function of I . White circles
indicate merging STs, black circles, single STs respectively.
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6.8: I, dependency of poloidal fulx decaytime. “o” denotes merging ST, “+” denotes
single ST.
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7.2: I, dependencies of (a) poloidal flux decaytime and (b) magnetic fluctuation.
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7.3: (a) Safety factor and (b) pressure profiles as a function of normalised poloidal
flux. Solid lines indicate fast decaying case ( Iy, = 70kA ), dashed lines indicate slow
decaying case ( Iy, = 40kA ).
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7.4: s-o profiles of merging STs. “x” denotes fast decaying ST ( Iy, = 70kA ), “+”
denotes slow case ( Iy, = 40kA ).
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7.5: Flow chart of equilibrium solver.
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7.6: Schematic diagram of re-coordination.
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7.7: s-a plofiles of stableST (x : By = 0.05T, B = 0.4) , unstable ST (+: By = 0.07T,
Bo = 0.9) and critical equilibrium (dashed line). Stability limit for one flux surface
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7.9: Schematic diagram of second stable ST formation by way of FRC.
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7.11: s-a profiles of diamagnetic STs.
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7.12: s-a profiles of diamagnetic ST. Stability limit for one flux surface (¥ = 0.94 of
E)is also shown.
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7.13: Comparion of s-a limits of paramagnetic and diamagnetic STs .
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8.1: Schematic diagram of edge poloidal current drive by use of small CT injection.
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8.2: Poloidal flux contour plots in edge current drive experiments.
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8.3: Poloidal current profile of merged spheromak as a function of poloidal flux.
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8.4: Poloidal current and eigenvalue profiles of poloidal currend driven spheromaks as
a function of normalized poloidal flux.
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BRALCHDB. 77 XATFHERMIE—EOBL R EBITAIIKRD 52 LITEEL <, BENLR
FIERLEL R 5.

: R TI B FR MHD P % 503§ A Grad-Shafranov FRERz INEEEIZ X > TH
N ERCRSFEEAVAOTEETR N OWTHIZT ).

A.1 Grad-Shafranov FIER

75 XA DFTEFEL, MHD FRERNICBVWTEBMSOER2 0 &L, S5I12#o0
DEPHIEEE BL I ET, K (A1) DHICETZ EATES.

jxB=Vp (A.1)

ZoORE, BHFIIBIT B Maxwell HRELR
VxB = wj (A.2)
V-B = 0 (A.3)

| rEEAGDERILT, TIXAROERNR FESEREND. T I X OMAHTE
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' BB U BI Ly 2EAT 5.

1 0U 1 0T
By = " onr 0z B, = T Or (A.4)
. 1 6-[190[ . 1 aIpol .
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U id R0 A FVERERTREBKEZEL TW5.
I3, (A1), (A2) %, 3 (A4), (A5) AV THEIXHR (/04 = 0) D&MD THME

JEIEZ FHWTEXTT &,
. B\If 81,,01 . Bp
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Olpe 0¥ 0l OV
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. oY 0l por Op
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1 [>T 52T 100 .
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0 _ 0l
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s R (A9), (A1) 226, EBFOHHELBKRE
271’7’B¢ = /,LoIpol (A12)
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1 .
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. d_P deol
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. 1 (820 8T 10T\
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_ dP N%I pol al pol
= 27TM0Td\II+ omr AU (A18)

D 2 2D FEHX#F Grad-Shafranov FER & A,

LB S 537 338 Y , ZOORMBH Ln(L), P(¥) 7Y DED LS RMBTH oM E
W3 I2BL Tl Grad-Shaflanov FERIZMSERL TRV, EVELLRL, 20
KEEBOED FAFRAORY T 7 X< FERAE RES T 52 L1k 5.
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A.3 Grad-Shafranov ARERNO B X

IF, 84 EBLUFER D IZBWTHW/-HEHEERIZBIT S Grad-Shafranov 718
ANDOBAERE T B D
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) 01 2 j N-1
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A.1: Schematic view of r-z mesh for Grad-Shafranov equation numerical solver.
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—poy (61 x b) - Q]
N 2_;1m /dT“V X (nL x B)1[? + BV - (n.€") + 201" - &[?
—2po(nLe™ - Vp)(nie ™ - k) — pojy(nie™ x b) - €V x (n. x B) ]
= Z_im/dTUV x (nL x B)1|? + B%|ie®n, - VS + eV -9y + 2", - k2
—2uo(m Vp) (L - &) — pogij(n] x b) - V x (nL x B),]
= 5 /dr IV x (0. x B) 1>+ B2k - 0o+ V- i + 20, -
—2u0(n1 - VD) (0} - k) — pody (7. X b) - V x (e x B).] (B.60)

A (B.60) #H DL, S HDHVIE k) DENDLORBEREROEZTTH S, sWr 2325
D FRAMET B 72012, kL — 00 TEREL T

nL="mnwo+nL+--- (B.61)

— L 2 2 ‘
Wy =5 / drB2|k; - 0] (B.62)
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¥ BE BEEEMAANFEEEIIBT BNV —20 T E—F BT

Wb, e fMET 70103k =013 NE L. T4bD
no=Ybxk,y (B.63)
ETHEEV. TITY WEAAT—8T, FERSIAT—NVETOW KD EELTS. 2
ROBITEZ R VENTRS. ZOERTIE ny PRAEROEDNHISbLI L. Tht

1 .
5VV2(comp) = ‘é"’“/dT‘BQIZkJ_ c M1 +V '77_L0+2f€ .77_’_0!2 (B64)

Ho

ETAHRE, Wrldiky, -ni ==V -ng—26-m10 E% BN TESZ L THRMESINB.

W kL — 00 IZBWVWTRDAREELE—FIMEEMREE &2\, W, % 5T 25
WV x(nxB)L ERDIHICEZHEZ S,

Vx(mxB), = Vx[VYB({bxky.)xb.

= Vx[YBVS].

= [V(YB)+YBV x VS|,

— [V(YB)x V5. |

= (VX xkyi)1 (B.65)
ZZITX=YBThsh EHIIVX=V, X+bb-VX) ZH AL

Vx(nxB)y=(0b-VX)bxk, (B.66)
27 B, 2 ORE A\ CTEITHEIED oW, ~DF5E
OWotkink) = —“l/d?“jn (nL x b) -V x (nL x B).L

= ~—/drj|| "(bxki)xb) (b-VX)bxk,
_ /d (Jn)x* (b-VX)bx ky
_ —i/dr [(%‘) X*(b- VX)] k- (b x k)]

- 0 (B.67)

LoT k— oo DEETIZIERBENEIIALEICETSL 2\,
Wy DFRVIZT NV TR ( BOBEST ) OFENEEBEIBOEBECHEIZL 547%
FLEDOEL 5.

SWo = ﬁ/dr [W x (nL x B) L[> — 2uo(n. - V) (n} - fﬁ)]

— 2—; dr [I(b-VX)bx ki|2~—2u0 (%bxku_-Vp} (%bxki-n)]
= _1_ : 21p. 2 ]
= ZMO/dr [mb VX[ - 32 20 (b by - V) (b x Ky - 6)|X| (B.68)

T 10K X OBKETHY, B FRIOMOSDAEBH SIS 1 RTTOANTH A. &
EMERETL 7-VEMICAEDLE THEBOEBRRZEATSL E Wy, O 1 RITHEENHS
MIZR 5.

109



fT $&C BXIRd —F XITHTFDNIV—
Z 2T REROEH

RETREUTOFECT <72 REBLTIEHRNHRN —FT AT ITAIDINNV—= 2 TEE
PEZOWTHRS . TTRMEROENHRD —F AT FATIIBITA2THRB LUV —
U T E=FIZOWTKRET A7-DICHREREERTEATSL. ELTYT—0H 5%
2B B eikonal B S 2L . FORR—RITERONV—=V T E—RFDRT I ¥
WIRVE—%EX NV—=v RO FEHT 5.

C.1 HEREER?R

W=V T E—RDIAINVFE— §Wp % 1 RITALT B DI HAHEERY BAT S,
—EHIICEVWON TV AEDIIEF AR ERI AT NVEE  EBAENR x THb. RO L
INERT 5.

v = 9(r2) | (C.1)
x = x(r.2) (C.2)
b = ¢ (C.3)

¥ 1% Grad-Shafranov FRERZ W27 R 4 ¥V VERBEETH D, x T ENIZEAZFD
AV VHENLZERTH L. ¢ PREDL L, BIHERPHMERY MV E (r,2) BERIIBNWT
KOBFENTESL. BIzIL

B = B¢€¢ﬂ-BP (04)
5, = 19 (C.5)
B, = %VW% (C.6)
k = (b-V)b (C.7)

ZZTb=B/BThr x IEXEH
Vi - Vx =0 (C.8)

ICXoTIRESN S, 22T x ZESREE [0:2n] £ LTH—REEERDLZ W,
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#£CE BN -7 A BT AN V- 7 FREKOER

RINNV == TE-—FDIANVF —FERICAVEEOPOEZ KD B, [ (C.6) L1

_ [Vl

B, ="

b EEEMIIBT AHRBEERIZ
dr = 2nrdrdz = 2nJdody
Thhvavrry Jik

| OY/or 0¢/dz
| 9x/or 08x/0z

T
J
273, EICs (C.6) %

1 Byr
(V'gb X 6¢) : (%:“er + %6;)
Byr
V’Qb : (%ez + %er)
(Ax(BxC)=(A-C)B-(A-B)C,
Byr
Byr

r (8¢ dr , O bz
L(Gedr 4 Guoz)

(X (C.10))

BIU

=e4- VY XV

Awbt ey Vxxp=rB, - Vx %DT

(C.12)

(ep =€, X €,)

(C.13)

(C.14)



2

2 OB XN T AIBIT ANV S HEROER

HEL I ENTE AL,
KTk, =VS IZOWTRETT 5. BAHEMEERT

_ 88 aS as
ThHhb ZITEBEZRGICTAIZDIZ3IDODOXRZ ML
_ Vv
|V
B B
t = §¢bp —Bgqu.
B B
b —ngp+§¢6¢

BRZINIVTHA. ZNEFNORICIE
t = —2B,— Le,

Vel
Br ¢

= ;(VU) X eg) —

(3L (C.9))

1

= Wl— <B¢(V’l/) X V6¢) -

Vi - Vi

r

B]V/l

3

_ [w} x (ByVes) + w x (Vi X e(p)]

(Ax(BxC)=(A-C)B-(A-B)C)

- 1%1 (B ‘”+B;3bp)

= nxb
I Tk BUTOXHIZERSN,
ki = k,n+kt
b = nS=(n-Ve)y
ko= t-VS=(t- vx)g—gﬂt Vo)
X (C.20) 2 VT

ka_J_ = bx(knn—l—ktt)
= kbxn+kbxt
= —knt-l—ktn
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(C.15)

(C.16)
(C.17)

(C.18)
(C.19)

n EHEEOEEAZ b, b EHAE LCEEL, ZRE MRS BE S LU

(C.24)



£ CE xR —J AZBIFAINV—= 0 7 FRAOEH

THAEIEPREINS.

TINE -G ERDBI2OIZLELRDIEb- VX Thb. — I X = X1, ¢, x) Th
B, AP T O A YNV g 1AL T T — ) TERTEIENTE, £(r,2,¢) =
£(r, 2) exp(—ing) &7 B72DIZR (B.56) 55

S, 6,x) = —n¢ + S(1h,X) (C.25)

EHLbTILNTESL ST n B raA¥VE—FETHE. ShIcE) X 1t
X, x) &%,

0X oXx
b-VX = b- ((wvz/w x)

ox

o prp+B¢€¢ BX
[ B 'VX} Ox

B, 1 0X

B JB, 0x

(X (C.12))

1 0X

B ER (BES) ITRATS L

1
W,y = —/dr [kﬂb-VXlQ bxk, Vp)bxky- Fu)le]
240

B2(
1
- Q—MO/%dedx
sy (LLOXN' 2w, 0D

B2
_ _7_1'_ 2 . [ 9 9 1 0X 2/L0 9
= /dzﬁ/ﬂ Jdx _(kn + k) (—————) |V1,/)l(kt/£n kntt) X

Vo (kn — kyt) - RXQ}

JB dx B2 *zw
7 o | 1.0x\%  2uorB, op
— d d 2 2 0 2 9
o / 711/0 Jdx _(kn +k;) (————JB 8X> B 5y — (ki kn — ktknmt)X}
T
= — | dyW .
” YW () (C.27)
VAYAD
K = KpTb + Kyt (C.28)

THb. rp, & EHE (nomral curvature ), x; % HEHEE ( geodesic curvature ) & IE5R.
T ARES W) BNV =2V TE— R RF VY VLA NVE - D —RTERTH 5B,
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5 CE Xt —7 ACBF ANV —= v 7 FRAOEY

C.2 NIb—=—>FAFREKLoEH

R (C2N Lo TONW—=V T E-FIIHT AT RANVTE —BONWREINTA, 72 S
T ABEII R SN TR, T2 TR NI IV -V T E—F TRV F —
JEED /-0 D eikonal BH S ZHRETA.

FEEZ BEREIC T A720I2RD 2 FEEOSEZHTL TIT9)

o (¥,x) BERTEELL M—F XAFRELTHL.
o MEWE KT A7 b B EIT (r,0) EBERTH (HEMI<2 ).
SORHMEELDEL, '
o MHIIEERBEVIREIZHREI .
o BB T—E (B-VS =0).

— kW% N < 7 TIERBREOLEMGE

051 0S
B.-VS = B¢6¢ *6—-5-—645 prp-—a;VX
By0S 1 0
T 8¢ PJB, 0x
(# (C.12))
BsoS 10S
r8¢+J8X 0 (C.29)
&l B, AEREMTIE r = Ry, x — 0,9(r,0) = ¢(r) £ YV a¥ T J=1/(B,-Vx) =
r/Bg 72 %. XoTH (C29) &

B,0S | 105 _BydS | ByoS
r 8¢ JOx Rydd 1 06

PEEHD L. BB LI, BHESAS S = —ng+ S, x) HBVIES = —no +
S(r,0) LEREND. n>11C 5T S DEVIEFASH - S b, &K (C.29,C.30 ) 25

=0 (C.30)

T

5§ = n[- ¢+Q('f)(9—9o)] (

B ENTED. 22T q(r) =rBy/RyBy TH Y, xo(w) BLU 8(r) ZEEDFES
EBTHA. )

SIEELHIT x, 0 LT AREERF - 2INT R, HEEPOEE2EL B L,
g NEEE m/n THULI WD, Y7 —0H5HE (¢ #0) I8 TR, FFHE
ng(ro) = m BHEETHHE, S & r=r FETRERAL T

S = n[—¢ +q(ro)(6 — 0o) + (r — r0)q' (r0) (6 — 60)] (C.33)

s = nf-¢+ [Ty ©
o
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P

A

£ CE MK —F AIBIF BN V- 7 HREAOER

ETBHE RS> LD nlr—ro)d(re) DB r —rg BNIEEI/NEREAIZL BERLEY
.
—HERDOFHEIZD RIS EL 5. HFE ¢ = ETRETA L

swn|-o+ [ (22) ax+w-v [ (22) | (C34)

&7 % BHEOFEME

27
n /D (ifi*i)% dy = 2mm (C.35)
THZLNHDT, HEEEE FFETH 5. :

VT L EEMORMBEL H#T 272010R0 L) RiEERT). £, TADT S A<
DENLIL € = exp(—ing)E(y, x) TREN DM, WA EL % BAEMEE L TE(d, x) =
E(, x +2m) T S RIT UL b 7%\, Connor bid ¢ % IEFIHIME (B#UE—F ) D
MELTEREBZEERLA[39].

E(,x) = > (¥, x + 27p) (C.36)

TIT &, x) 13 —co< x <o ICBVWTERINLEHME-F TH B, £, %) 13
€q(¢, x = £00) =0 (C.37)

LhBL XEBME R DI TEEROW & bE/ £ LA FERA AT LTh
B BIZIE, £ 7
F()=0 (C.38)

2z s e, x ICHTAEMENS Fv,x) = F,x +27) THb. E>T
F&) = > F(,x) (€, x +2mp))

= S F(e, x + 2mp) (Eo (4, X + 27p)) (C.39)

THY,
F(&) =0 (C.40)

DIBILT B
ThbER (C40) ZHERELTOUTIIRT 2 2062 R E N T TORES
ETHHATES. =2l (C27T) ILBIT2 X FRUE—FOKREX Xg 2RL TV A
H,ZLTHH)—2Id x BODEED 0 < x <271 P HERKIENE L EHTH 5. ‘
SELE—FOBENIZ L) V7 — & FEEORMEN @RI N/, ZDORHATII eikonal [
BSWE x CBFHEMMEZLEEL 2. EoTH (C.33,C.34 ) W/ TIEEMEL
S WERIEFSNS.
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£ CE #x#rt—7 XU

BT ANV —= 7 HFREAOEH

AfalTidx (C.33) 5

kn

Ky

MKRES. AHL ke I2BNT

By

WU@:/;ﬂH@BZ

)

k., =VSIZBWT

oS
= (V)5
= nq'(ro) (6 — bo)
65’ 188
. Bd,nq(?‘o) By 1
- B - Bu%(m
_ BynBy By L
N B'I‘R()Bg B Ro
I
T RB\B, ' ¢
_ nB
T RyBy

W& n(r—re) A —F DEFEHEL 72 T2 W

dX 2pr dp\ o
2
i () it () o

—(B3/rB?), ky =0 TH Y, By =

ZIT r OWRF r BEWKLTVE, ZIT &y =
W' (r)/Ry DRFR%E V7.
— iU EAT 5 &,
as

= lWln/ 2 (72¢) ax

xo O

_ ner‘LO§%<JB:)¢4

(X (C9)
a5 185
By, B, aS B,18S
B E%) Xy " BT

By 1 8S B,108
B JB¢ 8x

B rog

(30 (C.12))

B, 1 JB, Bl
B JB r Br
nB2 nB,

rBBp
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£ CE B —7 ABIT AN V- FHFREAOER

2

3

n B3+ B}
rB B,
nB

B,

2
2 4 g2y (L OX\" _ 2p0rB, Op

ww) = [ Jax o

- (ktglﬁn - ktknﬁt).}(2

(C.45)

(C.46)

£ B ETORBITIRBE ¢ = LTRDOOLN B, HHEO-DIRFITEHEL 2. K (
CAB ) 12k o C—REMED D B/ — =y 7 E—F DT INE—EEF KD ST, W F
K& 57281213 Grad-Shafranov FREINUII M MEMEEVLELTH. TN k, 12T 5
HHE/ ST A—% x(y) PADOETOELRET . FENIZEEZ SNABAEIZB Y
TETD xo WXL T W) 3RAMESIN T TR 52 wDds, EBIZIE yo =0 58D

REETH DI EDNE N,

W) #&/METH X 1350 (C46 ) ICHTHF 17 —FRADHELLTHEZ LN 5.

X (C46) 1 ,
dy 2
| /A (85) + By“dx
DIEELTWBEZ DS, 45 —FERIL

0 Oy .

TREY, SNV —o v rHER

10 (K2+k0X\  2urB,dp, , o
7&( J B2 6X> B2 'a—,l/;(kt’in_ktknht))&——o

HEPND.
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%@

fT %D StE#>IL-23

RETIE, FXIZBWTERNIZRL: P —F 27 7 X< ORI, B LOHBHEHEE
WED L) LRREFODEERT A TRITT 5.

D1 vIab—3>3-—F

RETTIE, BRALMAESIF (Magnetohydro-dynamics, MHD) FRERIZET VWY 321 —
arva—FIZOonTEHERIT). TIATIEIRREE A4, BF, PHEREFTHEREN
RENFTHD. WMEMNTEEHETLD, BRNTHOMEERIIEREIONEL ZE 2

TRBENZITNE ROV, TIATEMBRTOEEE L THYEIRFY I 2L —
vavid, TOFERETORE S, FEICELNRELLROFZ 2, HHVIEE
fﬁﬂrzlééﬁ REHER T AV TLFEIIRVETEREVER SN 2O HIRTH L. 207
O, R VY FRAZEDOERN RN AT, ke L T7 5 A<vnEE % Y K
J BRORMAEFE (MHD) FEXB LU ZOFERZ v MHD YIalb—=varhPk
CHwbHRNB.

D.1.1 MHD A ¥R
MHD HRRE, BTD L J 2 FERBE,S % 5.

0

a—/; = —-V.pv (D.1)
opv BB B?\ .
W = \Y% [,D’U’U - '—/;0— + (p—l— 2/110) I— G‘:I (DQ)
oUu 1, ¥ 1

= = _ - . il B-uv- .
5 V[(va +ry~1p>+M0E>< v a] (D.3)
0B

j = lyxnm (D.5)
Ho
nj = E4+vxB (D.6)
Ov;  Ov; 2
gy =V (53;; + axz - ~3—(V ’0)5,]> (D7)
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= DE FHEHKI2L—-—Ta v

ZIT, B, v, j il ENEFNEREE, R, BREEZEINIMNVTDHY, p,pld 77
ABE, EHERT AN T —BThA. o 3HMHE, 0137 S XA<0iRsE£T. 113
sty vvERLTwA. K (D.1-D3) EEnFiER RN, EFExhEsS,
IAINVF—EREFERTH Y, X (D4) T ERFTEOEL (HLEBBROELZ AL T
W2 ), & (D5) 17 v R—VOEITH S, & (D.6) E—#{LEh 4 — L 0EHITH
D, (D7) ITHEEEZRL TV

L BAXLTHOWONTWSI—FIZBWTIE, KEBEILNEIREZAVF —REORE
ZEAY, BEDICHL CRE—HOFHFTHAAL TV S, ZhEHL WHEIBEIIBW

TEHRESHE SN, BFICL 2B A AOREEN BN &2 555I121%, FEE
REL 72T L AEBICEIL TWA EEZR 72720 TH 5.

D.1.2 EEXR

Lij:cojﬁft%:r FALT 2BOBERE LT, RHXTIIARMEERERE AvTns
BERY AWV AE4E, POERE (r=0) FE0FERERD, %@i&ﬁa‘nf%im&
Wb\Fﬁ BBz BN, F%JJ:ODW OB REGOBMYIFCIESIC R 5. KFHLTIET
ARZ M A>10THALE)REMERIN, ZOBEr=0 DRFEALTHEBIIEETR
WY Ial—Tarikihbid, KETICBWTITHGEEEREFRAL T 5
7 (D.1), (D.2), (D.4) % F&ELE (r, ¢, 2) T HVTEEFLEE DE BT

o 10 19 )

3" Tra T T g (D-8)
oo, _ 10 ( , BN\_ 9B 10 BB\ _ 0 ( BB
ot ror \PUr Lo or2uy T 0¢ PUrly = Lo 5z \ PP Lo
1( , B 105, 8S, 4954
+; <pv¢ B Mo) (’r 0¢ 0z 3 0r (D-9)
8pv¢ . 10 _ B,«B¢ _ li _1_~ 2 2 9 _ 0 B¢Bz
at = - T (p'U'r'U¢ 7 r a¢ ¢ + 2/J,0 (B,r B¢ + Bz) 32 PUsV; — Lo
1 B,B, 9, 8S, 4188,
—= (pvrvqb . > - ( 5. Br 3 3(}5) (D.10)
Opv, _ 10 _ BB, 10 BB, d| 5 1 2, 12 2
5% = rar (pvwz p ) E» (pv¢vz o ) P [pvz + o (Br + By Bz)
10 10S, 405y
v (;W% BT 5%) (D-11)
0B, 10 ) 0 .
Eral = ;%(UquS - 'UqﬁBr - 77]2) - &('UzB'r — v, B, — TUqﬁ) (D'12)
0B 0 ) 0 .
—é—tﬁ = g(%BZ — v, By —njr) - E(Uqus — vy Br — nJ2) (D.13)
0B, 10 10 .
Erali ;5*7“(%3 v B, — njg) — _—6—5(%32 — v,Bg — njr) (D.14)

119



gDE FEHEIaL—-Ya Y

ZZT
S = Vxw D.15
Sd = V.o (D.lG)
ThH b,

D.1.3 #R#&1k

EBROI-FIZBTE, BRI X ) BEHZ EXRTEL 2REHVTWwa . B5iC
DWTREIREDEMIZ Lo TER B20HEINBEDFE Ry FHFHEE Ly, BEZEIZOW
TRV BIT 2HABEORKET FEMETEE By L L, SO 2L LTH
BiLzfToTw5. EEFEORKEL 1 & L7z BREE j, HE o, B¢, £ p, &
L, WEMEEE v 12DV T, LT CEZREN 5 Jo, va, Ta, Po, o, Yo TEMEALE FTVERTE
L T 5.

) By
— D.17
Jo oL, (D.17)
'BO
va4 = D.18
4 v HopPo ( )
L L
A = Lo _ 0/ HoPo (D.19)
VA BO
B2
pp = — (D.20)
Mo
toBo Lo
o HoUALqg m ( )
pBoy Ly
vy = valg = D.22
0 PoVALg \/m ( )

TR, BEOBACEN vy, FREOBEMLEN 70 IZFNZENRT IV T7TXUEE, TV TN
VEECHEINAETH .

D.1.4 =51k

X (D.1), (D.2), (D.4) 2553581, MHD FRERIZE IS & RS % &4k
FRERANTH Y, RICEHMSOEORENS, ZOBBMT{L2EtETAZ LIIEIIRST
Zhwv. RRXTHWZY Yalb—varya—FizBwnTil, BEB L EHoEMu
T BB Lax-Wendroff L2 X AFTE % 5. M Lax-Wendroff {13 B 235
RIUTHEDFEFEL LT, H{DPOHAWLNTELFETH 5. ZERE Lax-Wendroff
ETIE, ZHIEEVWEVWICIEREE SN ZEEOBRT S (RIZZ ZTid, REF R & ERKT
REMESR) IKHE s s (ID.1). 1BEAT Yy 7id 2 BBIIHTORTRY, 95—
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#g£DE FERI2L—Yar

real lattice

} temporary lattice
|
|

l
|
| [
I
!

|
|

= L0
|

D.1: Schematic view of lattice geometry in 2 step Lax-Wendroff method.

BRECTRIETFEICBIT 2 HENENFESH, TRERAVWTE ZEBET, EEFHICB
T AEBOENFTTEINS.
BT NV

u = (p, pvr, PUg, PV, Br, By, B;) (D.23)
% EHT L LR (DS)-(D.14) id |
ou G
19 10 9 G(u)

EWVWATBTERITIENTE S,
T OB R Lax-Wendroff 3212 L 2 E5 LRI LI TOREIZFER 5.
o BBl |

’u,n+
(i+1.4,k)

(&I ol
l
S

= Yli+Lk) -

. n — n "
U e Flan — miFragm | 1 Fopryinin) ~ Foptiin

_}.

it} Argiy Tt Af
:(z‘+%,j,k+§) —F Z(i+l,j,k—l) 1 At
T Ar . Tra G| T (D-25)
i+% ¥
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2 DE FHERYI2LV—Yav

2

o F_EXFE
Uitk = Widk
i nts _ nt+3 ot _ n+3
T Ar; T Ag :
- .
F'7: - F"
2(i,g.k+3) 2(igk-2) 1 o+l .
+ L Az + ,r._iG(i,j,k) At (D.26)
ZZTC, 4,4, kIEENENR 1, ¢, 2 FRADKETRADOESTEIRL,
ulin = (T b5 26) |i=tn (D.27)
Fiigm = Folufizm) (D.28)
Goigry = Galufism) (D.29)

BL aldr, ¢,z DVWTUDPERT. LEOKP L0058, F—EEIBV Tt =1,
BEEIC BT AR TFELEDREROMEZ . t=t, BT IEETFRLEOEICETEFE
+5. ETEEIIBYTIE t=t, BBADPD t =ty BANOERTF R LOXERDOREH
L%, ¢ =ty Ao BT A REFE EOEBEEZHCWCEET . FFEDETR, G
DEED-DERFALED u: | FETEED n SLEL % 2, ZHIE TR TN OR
HICBITAEBEO 6 moOZEHTY

n

Uik = g [u?i—é,j,k) + “?H%J,k) TUG 1) T “T(L

n
ide) T Y

n
i,j,k—%) -+ U(

ig.k+3)

(D.30)
WL VEMET A, B, B, BEEICOWTIIEZEROFED A Euler % AWTH
Diko> T\ 5. TER Lax-Wendroff iix O(Ar)? OFEEL AL TV 5755, 3, MMEEIC
B L TS O(AL) T 5.

TERRE Lax-Wendroff 5% AV 5356, BELZENT HERT 5 729121d Courant-Friedrichs-
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D.2: Simulation area for tilting mode study.
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D.3: Time evolution of kinetic energy of tilting motion (L/R = 3).
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D.4: Growth rates of tilting instability as a function of elongation.
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D.5: I, and A functions.
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¥ D.6: Time evolutions of kinetic energy of compact RFP with Iy = L[l + y(a¥ +
(1-a)¥%)], a=0.5,1,1.5. ‘
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D.7: (a) ¢ and (b) A profiles of a compact RFP (A = 1.5) as a function of normalized
. Solid / dashed lines indiecate after / before dynamo, respectively.
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D.8: Time evolutions of toroidal mode amplitude of B; (A = 1.5).
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D.9: g profiles of high-¢ configuration (I,u = L[l + 7(1.7¥ — 0.7¥?)]).
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D.10: Simulation area for aspect ratio study.
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¥ D.11: Safety factor profiles of RFPs with A = 1.5,3, 5 as a function of normalized .
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D.12: Time evolutions of kinetic energy normalized by magnetic energy. (a) A = 1.5,
(b) A=3 and (¢) 4 =5 are shown.
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D.13: Time evolutions of safety factor at magnetic axis. (a) A = 1.5, (b) 4 = 3 and
(c) A =5 are shown.
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D.15: Toroidal mode amplitude profiles of B; at magnetic axis normalized by n = 0
amplitude (A = 5, t ~ 541y).
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[XI D.16: Poloidal flux contours of initial equilibrium. (a) k = 1.3, and (b) x = 2.1
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D.17: g profiles as a function of ¥ (k = 1.3 and 2.1).
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D.18: Time evolutions of kinetic energy in STs (k = 1.3,2.1).
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